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I .  Exper imenta l  System Development 
A .  The LDV System 
A two-color ,  two component LDV sys tem o p e r a t i n g  i n  forward  
s c a t t e r  h a s  been developed i n  o r d e r  t o  make s imul taneous  measure- 
ments of t h e  a x i a l  and r a d i a l  v e l o c i t y  components i n  an axisym- 
m e t r i c  sudden expansion f low w i t h  a.nd w i t h o u t  combust ion.  The 
LDV sys tem i n c l u d e s  Bragg c e l l  modula tors  i n  t h e  f o u r  beam p a t h s  
t o  a l l o w  a  n e t  f r e q u e n c y  s h i f t  of 5MHz i n  b o t h  t h e  g r e e n  and b l u e  
beams, T h i s  p e r m i t s  an unambiguous measurement of n e g a t i v e  ve lo -  
c i t i e s  and a l s o  e l i m i n a t e s  incomple te  s i g n a l  b i a s .  The g r e e n  
beam probe  volume has  a w a i s t  d iamete r  of 0.200 mm and i s  approx- 
i m a t e l y  2mm long. The b l u e  beam h a s  a probe  volume w a i s t  of 0.250 
mm and i s  approximately 1 nlm l ong .  The s c a t t e r e d  l i g h t  from t h e  
probe  volume is  s e p a r a t e d  s o  t h a t  approx imate ly  80% of each c o l o r  
p a s s e s  t o  i t s  r e s p e c t i v e  pho t :o r r~u l t ip l i e r  t u b e  by u s i n g  a d i c h r o i c  
f i l t e r  . N c i r r o w  ba.ndpass f i l t < e r s  a r e  used t o  f u r t h e r  f i l t e r  
unwanted s i.grla1.s hef o r e  t h e y  a re  d e t e c t e d .  A schemat ic  d iagram 
o f  t.hc LDV syst.em i s  shown i n  F i g u r e  1. 
The f l o w  wlthot j t  combustion is  seeded w i t h  o i l  p a r t i c l e s  
( D O P )  approx imate ly  1 Km i n  d iamete r  g e n e r a t e d  from a  l i q u i d  
atomizer fo l lowed  by an  evapor iza t ion-condensa t ion  u n i t .  The 
f low w l t h  combustion w i l l  be seeded w i t h  1 pm d iamete r  aluminum 
ox ide  particles g e n e r a t e d  from a  TSI model 3400 f l u i d i z e d  bed 
g e n e r a t o r  o r  from a  home b u i l t  c y c l o n e  t y p e  s e e d e r ,  depending 
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upon which s e e d e r  g i v e s  t h e  b e s t  r e s u l t s .  No t e s t i n g  h a s  been  
per formed u s i n g  aluminum o x i d e  s e e d  p a r t i c l e s  t o  d a t e .  From some 
p r e l i m i n a r y  t e s t i n g  u s i n g  t h i s  LDV s y s t e m  ( w i t h  s e e d  p a r t i c l e s  
g e n e r a t e d  f rom t h e  l i q u i d  a t o m i z e r )  maximum d a t a  v a l i d a t i o n  ra tes  
were  found  t o  b e  a p p r o x i m a t e l y  1 5 , 0 0 0  and 5 , 0 0 0  samples  p e r  
s econd  f o r  t h e  g r e e n  ( a x i a l )  and b l u e  ( r a d i a l )  components ,  
r e s p e c t i v e l y .  I t  is  n o t  c l e a r  what, t h e  maximum s i m u l t a n e o u s  d a t a  
v a l i d a t i o n  r a t e  is  w i t h  t h e  c o i n c i d e n c e  t i rn ing  c i r c u i t  o p e r a t i n g  
b e c a u s e  no  r eadou t  of " c o i n c i d e n t "  d a t a  r e a d y  r a t e  i s  a v a i l a b l e  
t o  m o n i t o r .  From t h e  p r e l i m i n a r y  d a t a  t a k e n ,  it a p p e a r s  t h a t  
maximum " c o i n c i d e n t "  d a t a  r e a d y  r a t e s  r a n g e  be tween  1000 and 2000 
pe r  s e c o n d .  For th i s  c a s e ,  b i a s e d  v e l o c i t y  d a t a  r e s u l t s  as w i l l  
be  shown l a t e r .  
I n  an  e f f o r t  t o  o b t a i n  a c c u r a t e  u n b i a s e d  v e l o c i t y  d a t a  two 
a p p r o a c h e s  w i l l  b e  i n v e s t i g a t e d .  The f i r s t  a p p r o a c h  w i l l  i n v o l v e  
minor LDV s y s t e m  m o d i f i c a t i o n s  w i t h  t h e  g o a l  of improving  t h e  
b l u e  beam s i g n a l  q u a l i t y  and t h e r e f o r e  i n c r e a s i n g  t h e  b l u e  beam 
d a t a  v a l i d a t i o n  r a t e  t o  ) 1 0 , 0 0 0  samples  pe r  s e c o n d .  I f  t h i s  c a n  
be  accompl i shed  t h e  e x p e r i m e n t a l  t e c h n i q u e  f o r  e l i m i n a t i n g  v e l o -  
c i t y  b i a s  by i n h i b i t i n g  t h e  c o u n t e r  p r o c e s s o r s  f o r  a f i x e d  t i m e  
i n t e r v a l  between s a m p l e s ,  a p p r o x i m a t i n g  e q u a l  t i m e  s a m p l i n g ,  w i l l  
b e  used  [ 1 , 2 , 3 , 4 , 5 ] .  I f  t h e  s i g n a l  q u a l i t y  of t h e  b l u e  beam can-  
n o t  b e  improved ,  a ve1oc i t . y  b i a s  c o r r e c t i o n  scheme w i l l  be  u sed .  
The second approach  j n v o l v e s  v a l - i d a t i n g  two p roposed  v e l o c i t y  
b i a s  c o r r e c t i o n  schemes .  The two c o r r e c t i o n  schemes of i n t e r e s t  
a r e  t h e  McL.aughlin-Tiederman 2-D w e i g h t i n g  c o r r e c t i o n  [ 6 , 7 ]  and 
t h e  B a r n e t t .  and R e n t l e y  t i m e  between d a t a  c o r r e c t i o n  [ 8 ] .  The 
two-component " c o r r e c t e d "  d a t a  w i l l  t h e n  b e  compared t o  indepen-  
d e n t  u n b i a s e d  one-component d a t a  o b t a i n e d  u s i n g  t h e  i n t e r v a l  s a m -  
p l i n g  t e c h n i q u e  ment ioned  above  i n  o r d e r  t o  v a l i d a t e  e a c h  c o r r e c -  
t i o n  scheme. 
The d a t a  c o l l e c t i o n  and p r o c e s s i n g  s y s t e m  c o n s i s t s  of two 
TSI model 1990 c o u n t e r - t y p e  p r o c e s s o r s  ( o n e  f o r  e a c h  c h a n n e l ) ,  a 
TSI model 1998 i n t e r f a c e  w i t h  c o i n c i d e n c e  t i m i n g  e l e c t r o n i c s  and 
a  PDP 11/40 mini-computer  w i t h  DMA c a p a b i l i t y .  The d i g i t i z e d  
t h e r m o c o u p l e  s i g n a l  w i l l  a l s o  b e  i n t e r f a c e d  t h r o u g h  t h e  T S I  1998 
interface s o  t h a t  c o i n c i d e n t  v e l o c i t y - t e m p e r a t u r e  d a t a  c a n  b e  
o b t a i n e d  ( F i g u r e  2 ) .  With t h i s  s y s t e m  it is p o s s i b l e  t o  a c q u i r e  
v e l o c i t y  d a t a  f rom i n d i v i d u a l  d o p p l e r  b u r s t  s i g n a l s  a t  r a t e s  up 
t o  50 ,000  samples  pe r  second  ( l i m i t e d  by s e e d  d e n s i t y ) .  The 
mini-computer  and c o u n t e r  p r o c e s s o r s  a r e  a l s o  i n t e r f a c e d  s o  t h a t  
s ampl jng  can  be c o n t r o l l e d .  T h i s  is  accompl i shed  w i t h  a ha rdware  
c l o c k  c o n t r o l l l n q  t h e  d a t a - i n h l b i t  handshak ing  s i g n a l s .  The 
s o f t w a r e  deve loped  f o r  t h l s  e x p e r i m e n t  i s  c a p a b l e  of b u r s t  (meas- 
urernent sampled ,3nd s t o r e d  a s  soon  a s  it i s  v a l i d a t e d )  o r  i n t e r -  
v a l  s a m p l i n g .  I t  can  a l s o  a c c e s s  t h e  e x t e n d e d  memory i n  t h e  PDP 
11/40 a l l o w i n g  up t o  96K words of d a t a  t o  b e  s t o r e d  f o r  e a c h  s a m -  
p l e .  The d a t a  r e d u c t i o n  program c a l c u l a t e s  t h r e e  t y p e s  of 
s t a t i s t i c s  f o r  e a c h  sample .  These  i n c l u d e  t h e  s t a n d a r d  s t a t i s -  
t i c ,  t h e  McLaughlin-Tiederman 2-D w e i g h t e d  s t a t i s t i c  and t h e  t i m e  
between d a t a  we igh ted  s t a t - i s t i c .  D a t a  p o i n t s  l y i n g  o u t s i d e  *3  a 
( s e l e c t a b l e )  are  d i s c a r d e d  and r e v i s e d  s t a t i s t i c s  a r e  c a l c u l a t e d .  
H i s tog rams  are c o n s t r u c t e d  f o r  b o t h  v e l o c i t y  components on  t h e  
t h e  t e r m i n a l  and c a n  be  r o u t e d  t o  t h e  l i n e  p r i n t e r  f o r  h a r d  
c o p i e s .  The d a t a  c a n  a l s o  be  s t o r e d  on t h e  h a r d  d i s k .  
B .  The T e s t  Rig 
The f l o w  s y s t e m  u t i l i z e d  i n  t h i s  e x p e r i m e n t  i s  i l l u s t r a t e d  
i n  F i g u r e  3 .  A i r  i s  p r o v i d e d  by a r a d i a l  f a n  blower  f o l l o w e d  by  
a  f l o w  c o n d i t i o n i n g  s e c t i o n  c o n s i s t i n g  of honeycomb f l o w  
s t r a i g h t e n e r s .  F u e l  ( g a s e o u s  p r o p a n e )  w i l l  b e  i n j e c t e d  i n  t h e  
d u c t  immed ia t e ly  f o l l o w i n g  t h e  blower  t h r o u g h  a  m u l t i - p o r t  mani- 
f o l d  t o  g i v e  a hornogeneous f u e l - a i r  m i x t u r e .  The t e s t  s e c t i o n  
c o n s i s t s  of a  c o n v e r g i n g  i n l e t  n o z z l e  w i t h  a n  e x i t  d i a m e t e r  of 
7 6 . 2  mm f o l l o w e d  by a 152 .4  mm d i a m e t e r  downstream s e c t i o n .  T h i s  
i n l e t  was chosen  t o  g l v e  a un i fo rm i n l e t  v e l o c i t y  p r o f i l e .  The 
s t a t i c  p r e s s u r e  d r o p  a c r o s s  t h e  n o z z l e  i s  used  t o  mon i to r  t h e  
i n l e t  f l o w  c o n d i t i o n .  T h e  t e s t  s e c t i o n  w a s  e x t r u d e d  f rom o p t i c a l  
q u a l i t y  f u s e d  q u ~ l r t z  dnd a l l o w s  measurements  t h r o u g h o u t  t h e  f low-  
f i e l d  f o r  x / h  v a l u e s  r a n g i n g  from 0 .3  t o  1 4 ,  The t e s t  s e c t i o n  
d e s i g n  i s  shown in  f i g u r e  4 .  
A c o r r e ~ ~ i o n  l e n s  t o  a l l o w  s i m u l t a n e o u s  a x i a l  and r a d i a l  
v e l o c i t y  measurements  i n  a  c y l i n d r i c a l  t u b e  h a s  been  d e s i g n e d  and 
f a b r i c a t e d  u s i n g  t h e  p r o c e d u r e  d e s c r i b e d  i n  r e f .  9 .  The p l a n a r -  
concave  c y l i n d r i c a l  l e n s  t h a t  c o r r e c t s  f o r  t h e  a b e r r a t i o n  induced  
by t h e  q u a r t z  t e s t  s e c t i o n  h a s  a  r a d i u s  of c u r v a t u r e  of 3 .3528 m ,  
a t h i c k n e s s  a t  i t s  c e n t e r  of 1 7 . 9 3  mrn and a r e f r a c t i v e  i ndex  of 
1 . 5 2 .  The c o r r e c t i o n  l e n s  i n s u r e s  t h a t  t h e  o r t h o g o n a l  p r o b e  
volumes ( g r e e n  and b l u e )  i n t e r s e c t  t o  w i t h i n  100 pm a l o n g  t h e  
l e n g t h  of t h e  p robe  volume and t o  w i t h i n  25 pm a l o n g  t h e  d i a m e t e r  
of t h e  p r o b e  volume. T h i s  f o r c e s  t h e  s c a t t e r e d  l i g h t  f rom t h e  
d i f f e r e n t  c o l o r e d  p r o b e  volumes t o  come f rom a p p r o x i m a t e l y  t h e  
same p o i n t .  The c o r r e c t i o n  l e n s  s y s t e m  i s  compr i sed  of two 
l e n s e s ,  one  on t h e  t r a n s m i t t i n g  s i d e  and one  on  t h e  r e c e i v i n g  
s i d e  of t h e  t e s t  s e c t i o n  a s  shown i n  f i g u r e  5 .  T h i s  is  d u e  t o  
t h e  symmetry of t h e  sys t em.  The l e n s e s  have  t o  b e  moved away 
f rom t h e  t e s t  s e c t i o n  as t h e  measurement  p o i n t  moves f u r t h e r  o f f  
a x i s .  A r a y  t r a c i n g  program is  used t o  d e t e r m i n e  t h e  p l acemen t  
of t h e  l e n s e s  and a l s o  g i v e s  t h e  r e a l  p r o b e  volume i n t e r s e c t i o n  
r e l a t i v e  t o  t h e  beam i n t e r s e c t i o n  i f  no  t e s t  s e c t i o n  o r  l e n s  w a s  
p r e s e n t .  Simult .aneous a x i a l - r a d i a l  v e l o c i t y  measurements  c a n  b e  
made o u t  t o  a n o n - d i m e n s i o n a l  r a d i u s  of a p p r o x i m a t e l y  85% w i t h  
t h i s  s y s t e m .  
D. Thermocouple  Probe  
Tempera tu re  measurements  i n  t h e  r e a c t i n g  f l o w  w i l l  b e  made 
w i t h  u n c o a t e d  P t - P t  13% Rh t h e r m o c o u p l e s .  The the rmocoup le  p r o b e  
w i l l  c o n s i s t  of a two h o l e  c e r a m i c  i n s u l a t o r  c o n t a i n i n g  two 0 . 5  
mm d i a m e t e r  t he rmocoup le  p o s t s .  A 25 pm d i a m e t e r  w i r e  w i l l  b e  
b u t t  welded t o  form t h e  the rmocoup le  j u n c t i o n  suspended  midway 
be tween  t h e  two l a r g e r  p o s t s .  The p o s t s  w i l l  b e  s e p a r a t e d  by 
a p p r o x i m a t e l y  5 mrn. 
The f r e q u e n c y  r e s p o n s e  of 25 pm d i a m e t e r  t h e r m o c o u p l e s  is 
known t o  be  a b o u t  20 Hz. I n  o r d e r  t o  improve t h e i r  f r e q u e n c y  
r e s p o n s e ,  t h e  t h e r m o c o u p l e s  u sed  i n  t h i s  i n v e s t i g a t i o n  w i l l  b e  
e l e c t r i c a l l y  compensated f o r  t h e r m a l  i n e r t i a  [ l o ] .  T h i s  i n v o l v e s  
a d i f f e r e n t i a t i n g  t y p e  c i r c u i t  t h a t  p e r f o r m s  t h e  o p e r a t i o n  [ l  + T 
( d / d t ) ] E  on t h e  the rmocoup le  emf,  E ,  where  T is  t h e  p r o b e  t i m e  
c o n s t a n t .  I t  e s s e n t i a l l y  a m p l i f i e s  t h e  h i g h  f r e q u e n c y  components 
of t h e  t h e r m o c o u p l e  s i g n a l  i n  i n v e r s e  p r o p o r t i o n  t o  t h e i r  
a t t e n u a t i o n  by t h e r m a l  i n e r t i a .  The compensa t ion  c i r c u i t  w a s  
d e s i g n e d  t o  g i v e  t h e  t he rmocoup le  a  f l a t  r e s p o n s e  ( i n d e p e n d e n t  of 
f r e q u e n c y )  up t o  5000 Hz. The compensated s i g n a l s  a r e  t h e n  
p a s s e d  t h r o u g h  a  sample  and h o l d  u n i t  f o l l o w e d  by a  12  b i t  A/D 
c o n v e r t e r  l i n k e d  t o  t h e  d a t a  a c q u i s i t i o n  s y s t e m .  A s c h e m a t i c  
d i ag ram of t h e  compensa t ion  c i r c u i t  f a b r i c a t e d  i n  t h e  e l e c t r o n i c s  
shop  a t  Purdue  is  shown i n  f i y u r e  6 .  A Bode p l o t  of an  uncompen- 
s a t e d ,  c o r r e c t l y  compensated and overcompensa ted  the rmocoup le  
s i g n a l  i s  shown i n  f i y u r e  7 .  The compensa t ion  c i r c u i t  is com- 
p l e t e d ,  b u t  h a s  nok been  used a s  no combus t ing  f l o w  e x p e r i m e n t s  
have  been r u n  t o  d a t e .  The t -empera ture  of t h e  f l u i d  w i l l  b e  
measured w l t h  a  t he rmocoup le  p robe  l o c a t e d  n e x t  t o  t h e  LDV p r o b e  
volume a s  shown i n  f  i q u r e  8 .  
1 1 .  P r e l i m i n a r y  E x p e r i m e n t a l  D a t a  
A s u b s t a n t i a l  amount of p r e l i m i n a r y  two d i m e n s i o n a l  d a t a  
have  been  t-aken i n  an  e f f o r t  t o  v a l i d a t e  t h e  LDV sys t em.  The 
f l o w  c h a r a c t e r i s t i c s  of t h e  t e s t  r i g ,  t h e  c o r r e c t i o n  l e n s  p e r f o r -  
mance and t h e  d a t a  a c q u i s i t i o n  and r e d u c t i o n  s o f t w a r e .  A f r e e  
j e t  f l o w  was used  i n i t i a l l y  and l a t e r  r e p l a c e d  by  t h e  more com- 
p l i c a t e d  a x i s y m m e t r i c  sudden  e x p a n s i o n  f l o w .  A s  ment ioned  e a r -  
l i e r  o n l y  n o n - r e a c t i n g  f l o w  e x p e r i m e n t s  have  been  r u n  t o  d a t e .  
The f o l l o w i n g  d a t a  s e t  was a c q u i r e d  u s i n g  t h e  2-component LDV and 
d a t a  a c q u i s i t i o n  s y s t e m  d e s c r  i bed  i n  t h e  p r e v i o u s  s e c t i o n .  
The measurement-s were  made i n  t h e  ax i symrne t r i c  sudden  expan- 
s i o n  f l o w  ( F i q r l r e  4 )  u s i n g  t h e  c o r r e c t i o n  l e n s  s y s t e m .  The i n l e t  
v e l o c i t y  was un i fo rm w i t h  a v l u e  of 22 m / s  c o r r e s p o n d i n g  t o  a 8 Reynolds  number of 5 . 5  x 10 based  on s t e p  h e i g h t .  S e e d i n g  w a s  
p r o v i d e d  by t h e  l i q u i d  a t o m i z e r  d e s c r i b e d  e a r l i e r .  The b u r s t  
s ampl ing  t e c h n i q u e  was used  t o  o b t a i n  a l l  t h e  d a t a  p r e s e n t e d  
below.  Because  t h e  d a t a  was b i a s e d  due  t o  t h e  s a m p l i n g  method 
u s e d ,  t h e  McLaughlin-Tiederman 2-D c o r r e c t i o n  w a s  a l s o  a p p l i e d .  
T h i s  p r e l i m i n a r y  d a t a  s e t  c o n s i s t s  of measurements  a c r o s s  t h e  
r a d i u s  of t h e  t e s t  s e c t i o n  a t  4 non-d imens iona l  a x i a l  l o c a t i o n s  
(x/H = 0 . 3 , 2 , 4  and 6 ) .  
F i g u r e  9 shows t h e  mean a x i a l  v e l o c i t i e s  ( c o r r e c t e d  and 
u n c o r r e c t e d )  a t  t h e  f o u r  a x i a l  p l a n e s .  N o t i c e  t h a t  t h e  c o r r e c t e d  
d a t a  h a s  lower  v a l u e s  of mean v e l o c i t y  i n  t h e  s h e a r  l a y e r  where 
t u r b u l e n c e  is h i g h  and h a s  approx imate ly  t h e  same v a l u e  as 
u n c o r r e c t e d  v e l o c i t y  i n  r e g i o n s  of low t u r b u l e n c e .  T h i s  i s  t h e  
expected  r e s u l t  and may i n d i c a t e  t h a t  t h e  2-D w e i g h t i n g  
" c o r r e c t s "  b i a s e d  d a t a  t o  t h e  t r u e  t i m e  averaged v a l u e s .  These 
p r e l i m i n a r y  measurements a r e  p r e s e n t e d  o n l y  t o  demons t ra te  LDV 
sys tem performance.  They a r e  known t o  s u f f e r  from inaccuracy  a s  
a  d i r e c t  r e s u l t  of (1) t h e  s lowly  o s c i l l a t i n g  s h e a r  l a y e r  cha rac -  
t e r i s t i c  of t h i s  f low f i e l d  and ( 2 )  t h e  b u r s t  sampling t e c h n i q u e .  
The f i r s t  problem o c c u r s  because  t h e  d a t a  was g a t h e r e d  a t  a  h i g h  
r a t e .  T h i s  means t h e  e n t i r e  sample ( n  = 6000) was c o l l e c t e d  i n  a  
v e r y  s h o r t  t ime  ( t y p i c a l l y  ( 2 s e c )  and t h e  s t a t i s t i c a l  parame- 
t e r s  of t h e  sampled d a t a  depend on when i n  t h e  low f requency  
c y c l e  t h e  d a t a  i s  c o l l e c t e d .  The observed v a r i a t i o n  i n  t h e  mean 
a x i a l  v e l o c i t y  due t o  t h i s  u n s t e a d i n e s s  was up t o  1 0 %  T h i s  
" i n a c c u r a c y "  i s  much g r e a t e r  t h a n  t h e  s t a t i s t i c a l  e r r o r  due t o  
t h e  f i n i t e  number of samples t a k e n .  T y p i c a l l y ,  i n  a w e l l  d e f i n e d  
exper iment ,  mean v e l o c i t i e s  a r e  r e p e a t a b l e  t o  b e t t e r  t h a n  1%. 
The second s o u r c e  of inaccuracy  ( t h e  b u r s t  sampl ing  t e c h n i q u e )  i s  
a  v e l o c i t y  b i a s  problem. Although t h e  2-D b i a s  c o r r e c t i o n  was 
a p p l i e d ,  i t  was found t o  over  c o r r e c t  t h e  r e s u l t s  i n  r e g i o n s  of 
h igh  t u r b u l e n c e .  T h i s  was confirmed by comparing unbiased  one- 
component. ( a x i a l )  d a t a  t o  t h e  2 - D  c o r r e c t e d  d a t a ,  More work h a s  
t o  be done t o  determine t,he e r r o r s  involved due t o  v e l o c i t y  b i a s  
and over-cor  r ect, l o n .  
F i g u r e  10 shows t h e  mean r a d i a l  v e l o c i t y  component a t  t h e  4 
a x i a l  p l a n e s .  Not much can be s a i d  abou t  t h e  d a t a  e x c e p t  t h a t  
t h e  r a d i a l  v e l o c i t y  is  ve ry  low i n  t h i s  f low f i e l d  and t h a t  more 
s c a t t e r  is  probably  p r e s e n t  due t o  t h a t  f a c t .  The low s i g n a l  
y u a l i t y  of t h e  b l u e  beam could  a l s o  be r e s p o n s i b l e  f o r  some of 
t h i s  s c a t t e r .  
F i g u r e s  11 and 12 show t h e  a x i a l  and r a d i a l  normal ized  t u r -  
bu lence  i n t e n s i t i e s ,  r e s p e c t i v e l y .  The 2-D weighted d a t a  show 
t h e  c o r r e c t  t r e n d s  [ 1 , 7 ]  r e l a t i v e  t o  t h e  u n c o r r e c t e d  ( b i a s e d )  
d a t a  and r e a c h  t h e  same maximum v a l u e s  as o t h e r  i n v e s t i g a t o r s  
have found [l, 1 1 1 .  No t i ce  t h e  s h i f t  i n  t h e  l o c a t i o n s  of peak 
t u r b u l e n c e  i n t e n s i t i e s  depending on whether  a s t a n d a r d  o r  
weighted  s t a t i s t i c  i s  used.  These f i g u r e s  show t h e  magnitude of 
e r r o r  t h a t  can  be caused by b i a s e d  v e l o c i t y  measurements and 
i l l u s t r a t e  t h a t  comple te ly  unbiased  d a t a  a r e  needed t o  improve 
e x i s t i n g  t i m e  averaged t u r b u l e n c e  models.  
F i g u r e  13 shows s imul taneous  Reyno ld ' s  s t r e s s  measurements 
made w i t h  t h e  c o i n c i d e n c e  window s e t  t o  10 ps  ( t h e  minimum v a l u e  
on t h e  T S I  1998 i n t e r f a c e ) .  Again,  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  
between t h e  c o r r e c t e d  and u n c o r r e c t e d  s t a t i s t i c  i n  r e g i o n s  of 
h i g h  t u r b u l e n c e .  Also ,  more s c a t t e r  i s  a s s o c i a t e d  w i t h  t h i s  
s t a t i s t i c .  Again, p robab ly  due t o  t h e  low s i g n a l  q u a l i t y  of t h e  
r a d i a l  v e l o c i t y  component. However, t h e  maximum v a l u e s  of nor-  
ma l i zed  Reyno ld ' s  s t r e s s  a g r e e  w e l l  w i t h  o t h e r  e x p e r i m e n t e r ' s  
v a l u e s  [ l l ] .  
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